The identification of conserved polymerase chain reaction (PCR) primers from a "map-rich" species to amplify homologous loci in a related species can save considerable time and effort over cloning species-specific DNA markers (9) . However, successful application of cross-species PCR requires resolving the effects of sequence divergence of borrowed primers. Mismatches at the 3 ′ ends of primers reduce both annealing specificity (8) and PCR product yield (5) . The effects of annealing temperature (7), number of cycles (2) or magnesium concentration (3) on PCR specificity or yield have not been studied in cross-species applications. We studied the influence of magnesium concentration and duration of annealing and extension steps on locusspecific amplification and product yield using human short tandem repeat (STR) primers to amplify nonhuman primate DNA.
PCR primers for human STR loci were obtained commercially (Research Genetics, Huntsville, AL, USA). Standard PCRs were prepared (4), except MgCl 2 concentration varied between 1.0 and 2.5 mM (Table 1) . We compared 5 different PCR programs, each preceded by a 5-min denaturation at 94°C and followed by a 10-min extension at 72°C. The annealing temperature was 55°C for each program (Table  1) . Five microliters of PCR product were electrophoresed through 8% nondenaturing polyacrylamide gels (Mini-PROTEAN ® II; Bio-Rad, Hercules, CA, USA) for 2 h at 70 V. Alleles were visualized with an extremely sensitive silver-staining technique (1) . Gels were evaluated qualitatively for yield (judged by band intensity) and locus specificity (absence of nonspecific PCR product).
Amplification results using rhesus monkey ( Macaca mulatta ) DNA varied among the 5 PCR programs and depended on magnesium concentration.
Programs with short extension times (1/1/1 and 1/1.25/1.25) (see Table 1 for explanation of notation) gave inconsistent results. Either they failed to amplify at any magnesium concentration (locus IGF2R), or they only amplified in a narrow range of magnesium concentration with no optimum (IID) ( Table 1 ; Figure  1 , A-D). Program 1/1.5/1.5, with intermediate extension time, was very sensitive to magnesium concentration and typically lacked an optimal concentration ( Figure 1 ). Program 1/1.5/1.5 did not amplify either locus at low (1.0-1.5 mM) magnesium concentration but did amplify at higher levels (1.5-2.5 mM) (Table 1; Figure 1 ). Programs with long extension times (1/1/1+2 and 1/2/2.5) were less affected by magnesium concentration, always amplified both loci (though sometimes nonspecifically) and typically had an optimum magnesium level. Low magnesium concentration (1.0-1.5 mM) resulted in nonspecific amplification, while higher concentrations (2.0-2.5 mM) produced strong, locus-specific amplification (Table 1 ; Figure 1 ), presumably because primers cannot bind to template DNA in the absence of sufficient magnesium (3). For example, program 1/1/1+2 consistently amplified locus IID, regardless of MgCl 2 concentration, with an optimum concentration at 2.0-2.5 mM (Table 1 ; Figure 1 , A-D). Program 1/2/2.5 always amplified locus IID, sometimes nonspecifically, but had no optimum magnesium concentration (Table 1 ; Figure 1, A and D) . In general, shorter annealing and extension times (1/1/1) resulted in more amplification failures, while longer annealing and extensions times (1/2/2.5) resulted in more nonspecific amplification.
We further compared the best PCR program (1/1/1+2) and the two commonly used human programs (1/1/1 and 1/2/2.5) to a touchdown PCR program (6) at another 2 STR loci (ACPP, MYC) in chimpanzees ( Pan troglodytes ), rhesus ( M. mulatta ) and cebus monkeys ( Cebus apella ). Touchdown PCR is intended to reduce the frequency of nonspecific amplification by decreasing an initially high annealing temperature during each of the first 10 cycles, until the touchdown annealing temperature is reached (6 Benchmark s did not affect product yield in human optimization studies (11) , but longer extension times are recommended when primer sequences diverge from template DNA sequence (3), as routinely expected in cross-species PCR.
Because short annealing times ( ≤ 1 min) and long extension times (>1.5 min) rather consistently produced locus-specific amplification regardless of magnesium level, we designed a program for cross-species PCR, consisting of an initial denaturation for 4 min at 92.5°C followed by 4 cycles of (1/0.75/ 1.5), then 26 cycles of (0.75/0.75/ 1.5+2), with annealing set at 55°C. This design was intended to minimize nonspecific priming with a short annealing step, allow ample time for extension and still permit rapid throughput (30 cycles in 2 h 40 min). We used 46 STRs on human chromosome 3 to compare our new program to program 1/1/1. Without optimizing any other factor, our customized program produced locus-specific amplification in 48% of these STRs in rhesus monkeys, compared to only 24% for program 1/1/1. Identifying the important role of the PCR conditions in producing robust, locus-specific amplification allowed us to optimize a program for cross-species PCR. This program has increased our likelihood of identifying STR loci in nonhuman primates, which do not amplify by standard human PCR programs. This is an important consideration, because approximately 1 in 4 human STRs is polymorphic in rhesus monkeys (Reference 4 and unpublished data), while even fewer (ca. 1 in 9) are polymorphic in the more distantly related squirrel monkey, Samiri boliviensis (12) . Future optimization studies might begin with the results reported here to study the influence of other factors, especially annealing temperature, that are likely to affect amplification success in cross-species PCR.
